International awareness of NORM as a potential source of radiation risk to workers, members of the public and the environment has increased significantly in recent years. NORM guidelines were originally developed for radiation management in NORM industries. However, the guidelines have been often consulted by many other industries not commonly considered as an NORM industry. In addition, with the increased awareness of NORM issues, more and more people have tried to apply NORM guidelines in many other situations related to NORM in the environment. The broad use of NORM guidelines out of the original scope has demonstrated the needs to revise the guidelines for practical use. These needs are discussed in the article.
INTRODUCTION
Canada is one of the leading mining countries and one of the largest producers of minerals and metals in the world. Canada has had a long involvement with naturally occurring radioactive materials (NORM), mainly because of mining and processing of mineral ores. The handling and disposal of NORM in Canada are exempted from Canadian Nuclear Safety Commission jurisdiction except for the transport, import and export of NORM. In principle, NORM management is regulated by the provincial and territorial governments. The first edition of the Canadian Guidelines for the Management of Naturally Occurring Radioactive Materials was prepared by the Canadian Federal Provincial Territorial Radiation Protection Committee and published by Health Canada in 2000. A minor revision (1) was conducted in 2011 to primarily reflect the lower action level for protection against indoor radon. The guidelines were originally developed for radiation management in NORM industries. They set out principles and procedures for the detection, classification, handling and material management of NORMs in various forms and have led to increased consistency in the interpretation and application of NORM-related radiation safety standards across Canada.
Since first publishing the NORM guidelines about 15 y ago, the radiological protection system has evolved. Internationally, the awareness of NORM as a potential source of risk to workers, members of the public and the environment has increased significantly in recent years. As indicated in the ICRP Publication 104, industrial activities involving NORMs may be candidates for regulation because; in some cases, the radiation doses attributable to these activities may be similar in magnitude to those attributable to normal operations involving man-made radioactive materials. Due to the prevalence of NORM, many NORMrelated issues have been encountered by companies or individuals who are not commonly considered as an NORM industry or not aware of having issues with NORMs, such as mining industries other than uranium mining, water treatment facilities, building material and ceramics industries. Even fish hatcheries, construction industries, storage facilities and landlords have sometimes experienced NORM-related issues. In many cases, users are confused regarding classification, interpretation and application of NORM guidelines. In almost all NORM guidelines available internationally, the derived release limits are given in quantities, which often require time-consuming and expensive radiochemical analysis. To address these new challenges, NORM guidelines need to be updated for practical usefulness. In this paper, possible revisions to the current NORM Guidelines are discussed. Although these challenges are not Canadian specific, the discussion will focus on possible revision to the Canadian NORM guidelines.
THE NORM STANDARDS: BASIS
In principle, the basis and criteria for NORM standards have remained unchanged in the past 15 y since the first publication of the Canadian NORM guidelines. This is especially true for controllable exposure situations or planned exposure situations where guidelines are clearly based on three fundamental principles for managing radiation exposure, i.e. justification, optimisation and limitation. Oil and gas industries, fertiliser and phosphate industries, mineral extraction process and metal recycling are well known NORM industries where specific NORM guidelines and safety standards have been developed. Challenges arise when these basis and criteria are extended to existing exposure situations and workplace not commonly considered as an NORM industry, especially those exposure situations where some or all radiological protection regulatory requirements are exempted and controls are # Crown copyright 2015.
Radiation Protection Dosimetry (2015), Vol. 167, No. 1-3, pp. 260 -265 doi:10.1093/rpd/ncv258 Advance Access publication 5 May 2015 commonly regarded as unwarranted. In those cases, it is not only an issue of the acceptability of occupational risks, rather more an issue of the acceptance of environmental and health risks to the public including employees whose regular duties do not warrant classification as NORM workers in an occupational exposure environment.
While the fundamental principles of justification and optimisation are well implemented for all controllable exposure situations with dose limits well applied to all regulated sources in planned exposure situations, a framework to protect the environment is still evolving. Since NORMs exist everywhere in varying concentrations, NORMs and sometimes technically enhanced NORMs can be released to the environment from workplace not commonly considered as an NORM industry, which potentially can increase local radiation levels in the environment. For practical reasons, basis and criteria for NORM standards should clearly address the acceptance of environmental risks to the public in addition to that of occupational risks in all workplace and broad environmental settings that involve NORMs.
When establishing NORM guidelines, radiation protection philosophy is essentially based on the international radiation protection system, as outlined in the ICRP Publication 103 (2) . For occupationally exposed workers, an annual dose limit of 20 mSv is recommended. For all other workers and the general public, a dose limit of 1 mSv y 21 is recommended. Since most people are exposed to more than one source of radiation, guidelines normally recommend a dose constraint of 0.3 mSv in a year. In the current Canadian NORM guidelines, examples of industries with NORM radiation were listed. It would be useful to consider another list of examples for other activities or situations with NORM radiation where they are not commonly considered as an NORM industry or not an occupational setting at all. The task to identify the exposure situations with natural sources of radiation that need attention for the purpose of radiation protection may take considerable time and could be quite challenging. One can see that more research and explicit guidance are needed on determining which exposures arising from NORM activities could be of public concern and should be subject to some form of management or even regulatory control. For those exposure situations that do require further assessment and eventual control (even though not in the sense of regulatory control inside of radiation protection system), there is a strong need for guidelines that are sufficiently flexible and practicable to serve a full diversity of activities involving elevated exposure to natural radiation sources. Since NORM-related activities fall under the jurisdiction of the provinces and territories in Canada, the final decision on which NORM-related activities should be subject to regulatory control rests with each Canadian province and territory. A national NORM guideline covering broad NORM-related situations could better serve its purpose to ensure adequate management of NORMs and harmonise standards for criteria as well as exclusions and unconditional release limits across jurisdictions.
NORM MATERIAL MANAGEMENT
Canadian NORM guidelines are performance-based standards that control the outcome from exposure to NORM sources through annual dose limits or dose constraints. This type of standard provides very little specific guidance for controlling radiation doses. Based on dose limits and constraints, the requirements for managing NORMs are summarised in an NORM Classification Flowchart. When applying this flowchart in a real situation, one has to determine the annual effective dose to workers or the public resulting from the NORMs they are dealing with. This can be quite challenging in many cases.
Using a pathway analysis approach, the guidelines recommend that NORMs may be released to the environment unconditionally if the associated radiation dose is no more than 0.3 mSv in a year. The unconditional derived release limits (UDRL) for NORMs in various physical forms were therefore established. The guidelines contain a series of derived release limits for diffuse and discrete NORMs as well as surface contamination. When applying the NORM guidelines, measured releases of NORM can, in principle, be compared with the relevant UDRLs for an estimate of the resulting radiation dose to the public. However, challenges exist in the practical application of the UDRLs. People often find that it is difficult to determine which UDRLs best suit their need.
As indicated in the NCRP Report 123, while estimating exposures to members of the public from radionuclides released to the environment have become increasingly sophisticated, it is recommended that the simplest method that can adequately address the potential impact of radionuclide releases always be applied first (3) . Since NORMs can be found everywhere on the Earth, for practical and effective implementation, NORM guidelines should not only be written in plain language but also use easily measurable quantities. This requires that NORM guidelines should be easily understandable for anyone facing NORM issues (such as a landlord dealing with NORMs during building renovations), and a preliminary evaluation should be easy to perform with simple instrumentation (such as a radiation survey meter) without detailed radiochemical analysis and annual effective dose calculations.
For diffuse NORM sources in forms either liquid or solid or airborne, UDRLs are given in the following categories, for example, 238 210 Bi and 210 Po). When dealing with issues of diffuse NORM sources, it is very hard for most individuals to know to which category an NORM source could possibly belong or in which radiochemical condition the NORM source could be. It is also not clear whether the whole decay chain or decay chain segments should be considered. This type of confusion has a negative impact on the usefulness and implementation of the guidelines.
In addition to the above-mentioned possible confusions, for discrete NORMs, the guidelines stated that discrete NORM sources are small in size and exceed the concentration criteria for a diffuse source. However, the practical meanings of small in size and criteria for a diffuse source are not defined.
Compared with the management of diffuse and discrete NORM sources, the UDRLs for fixed surface contamination are better established with rather simple operational quantities, i.e. measurable quantities that are easy to obtain. Based on the analysis of personal radiation exposure pathways to a maximum annual dose of 0.3 mSv, surface contaminated equipment, tools or scrap surfaces can be released unconditionally if the dose rate measured 50 cm from the surface is ,0.5 mSv h 21 or the surface contamination is ,1 Bq cm 22 averaged over a 100 cm 2 area. With such clearly determined operational quantities together with technical notes on recommended requirements for beta, alpha and/or gamma measurement, the guidelines are easy to use without confusion.
In the current NORM guidelines, the UDRLs for diffuse and discrete NORMs are values in terms of radioactivity concentrations. Even though measurable, they are quantities that may need time-consuming and expensive laboratory analysis. A more practical approach using simple operational quantities for screening assessment should be developed.
SCREENING ASSESSMENT
It is well understood that there is no simple relationship between release rate from an NORM industry and radiation dose to members of the public. Situations related to the releases from other potential NORM sources outside of regulatory control can be even more unpredictable. However, based on a conservative approach, a detailed analysis may not be warranted when it can be concluded that the releases are not of any radiological significance. For these reasons, NORM discharge screening levels were introduced for NORM industries requiring regulatory control in the EU (4) . The NORM discharge screening levels were defined as estimates of the annual total amount of radioactivity discharged to the environment from an NORM industry, which, if not exceeded, mean that it is very unlikely that members of the public would receive an annual effective dose above a defined dose criterion in addition to background exposure. For example, based on a dose criterion of 0.3 mSv y 21 received by members of the critical group, screening levels in the units of TBq y 21 for discharge into a river were calculated for dominant exposure pathways and for various natural radionuclides or decay chain segments. The screening levels increase with increasing size of the receiving river (small, medium or large) and differ for average and high consumption and occupancy. This type of screening assessment is practical for NORM industries routinely releasing NORMs into the environment and potentially subject to regulatory control. A similar requirement for initial screening assessment was also introduced in the Australian safety guide for NORM management (5) . However, this way of screening assessment may not be feasible to situations where NORM release is not a routine practice.
To identify a more practical way of managing environmental releases of aquatic NORM sources, one could refer to the screening strategy introduced in the drinking water guidelines (6, 7) . In normal situations, most radionuclides commonly found in drinking water are of natural origin. In the drinking water guidelines, maximum acceptable concentrations (MACs) were established for the most commonly detected natural and artificial radionuclides in drinking water sources using a reference dose level of 0.1 mSv for 1-y consumption of drinking water, assuming a consumption of 2L d 21 at the MAC. Because the process of identifying individual radionuclides in drinking water and determining their concentration is rather time-consuming and expensive, screening levels are established in addition to the MACs. This is a more practical approach that uses a screening procedure, where the total radioactivity present in the form of alpha and beta radiation is first determined, without regard to the identity of specific radionuclides. These measurements are suitable as a preliminary screening procedure to determine whether further radioisotope-specific analysis is necessary. Following this approach, water samples may be initially screened for radioactivity using techniques of gross alpha and gross beta activity determinations. The screening level for gross alpha activity is based on the strictest MAC ( 226 Ra) for alpha activity, whereas the screening level for gross beta activity will be protective of all beta-emitting species that can be expected to be found in drinking water. Therefore, compliance with the drinking water guidelines may be inferred if the measurements are less than the screening levels for gross alpha and gross beta activity, i.e. MACs of 0.1 mSv y 21 will not be exceeded if neither of these screening levels is exceeded. Specific radionuclides should then be identified and their individual activity concentrations measured if either screening level is exceeded. The use of these screening levels is recommended in drinking water guidelines, as this maximises both the reliability and the cost effectiveness of assessing the radionuclide content of drinking water. However, it should be mentioned that one cannot simply scale the screening levels for drinking water (annual effective dose limit of 0.1 mSv) to the screening levels for unconditional environmental releases of aquatic NORM sources (annual effective dose limit of 0.3 mSv) because the exposure scenarios and pathways differ significantly from drinking water consumption. For example, the NORM release locations could be far from drinking water sources and thus have limited impact on people. Based on the dose constraint of 0.3 mSv y 21 and with the proper choice of exposure scenarios including parameter values and pathway analysis, screening levels can be established for the unconditional environmental release of aquatic NORM sources into the environment.
Normally, detecting devices using gamma rays is most commonly used in the field because of their simplicity, ruggedness, sensitivity and relative low cost. For the presence of NORM in building materials that make up the workplace, the International Atomic Energy Agency and the International Labour Office proposed in their safety guide on occupational radiation protection (8) a practical screening method, i.e. to quickly check whether a gamma dose rate is exceeding 0.5 mSv h
21
. For a working year of 2000 h, a gamma dose rate of 0.5 mSv h 21 would lead to an annual effective dose of 1 mSv at the workplace. This dose rate or some multiple or fraction of it could be adopted as an action level for workplace radiation safety with regard to NORMs in building materials. A similar approach could be considered for radiation protection in public buildings and residential dwellings.
There is a certain minimum detectable activity to be measured in any radiation measurement especially for low-level radioactivity in environmental samples. In order to determine whether there is any radioactivity concentration above background in a sample, Curie first introduced a binary (yes or no) decision of the presence of activity in an unknown sample (9) . To make a decision as to whether the sample contains activity, the net counts, N S , resulting from the unknown sample is compared with the critical level (L c ). If N S , L C , it is concluded that the sample does not contain activity, whereas if N S . L C , it is assumed that some real activity is present. For the distribution of counting measurements in Gaussian shape and the counting statistics being the only significant fluctuations entering the measurement, the critical level is given by L c ¼ 2.32s B , where s B is the standard deviation of the Gaussian distribution for the background counting. One can see that in order to apply the 'Curie decision', background activity levels of various environmental samples are required, and research is, therefore, needed to fill the information gaps.
USING SIMPLE OPERATIONAL QUANTITIES
For natural radionuclides in the air, indoor radon management has provided a good example of using a simple operational quantity for assessing the exposure situation. Simple techniques are available to measure radon concentration in units of becquerel per cubic metre. This measured quantity is the only quantity needed in a radon management programme. Based on radon concentration measured, the exposure situation is then clearly classified as unrestricted, NORM management or radiation protection management as defined in the current Canadian NORM guidelines (1) . More practically, the guidelines recognised that background radon generally cannot be distinguished from radon released from an industrial practice and, therefore, highlighted that the radon levels given in the radon management programme are based on total dose from total radon exposure, not the incremental from the practice. This type of clear guidance has contributed significantly to the successful management of radon exposure.
Another good example of using simple operation quantities is the introduction and development of the operational intervention levels (OILs) for promptly assessing the results of environmental monitoring and to decide on protective actions during a nuclear emergency, although only artificial radionuclides are of concern in nuclear emergencies. OILs are measurable values derived from dose limits or action levels for various protective actions in different phases of an emergency, for example, the derived OIL for food in the codex alimentarius (10) . Based on the intervention exemption level of ingested dose of 1 mSv per year, the OIL of 137 Cs in foods for adults is 1000 Bq kg 21 . For testing results below the OIL, commodities can move in international trade. When it is exceeded, governments should then decide whether and under what circumstances the food should be distributed. Similarly, OILs can be developed for easily assessing NORM exposure situation and serve as practical tools in NORM management.
DISCUSSION
Protection against indoor radon is a unique situation in NORM management system. However, simple operational quantities, such as radon concentration in a radon management programme, cannot be easily identified for many NORM-related situations. As mentioned earlier, the unconditional derived release levels (UDRLs) for diffuse and discrete NORM sources are established in terms of radioactivity concentrations in the current Canadian NORM guidelines (1) . The UDRLs referred here are similar to clearance levels in other guidelines or standards where radiological impact from NORMs for the general public and workers are considered, although radionuclides of artificial origin are their focus (11, 12) . They are measurable quantities in terms of activity concentration. Determining activity concentrations can be time-consuming or require expensive laboratory analysis. The major issue or application barrier here is not how difficult it is to measure these quantities but how clear and easy it is to classify the NORM materials in question. . Depending on the physical and radiochemical conditions of an aquatic NORM source, the UDRLs for 238 U can differ by a factor of 10. For solid diffuse NORM sources, the difference of UDRLs for 232 Th and 232 Th (all progeny) is a factor of 33. Therefore, one has to know the conditions of the NORM source they are dealing with, in order to determine which UDRL is actually applicable. This is not an easy task for most people facing NORM issues in a real world, especially in industries where NORM is not normally a consideration.
An NORM guideline applies to situations where NORM is in its natural state and to cases in which the concentration of NORM material has been increased by processing, such as resource-based industries. In nature, uranium isotopes as well as thorium isotopes are typically found in radioactive equilibrium with their radioactive decay products (i.e. the activity of each of the radioactive progeny is equal to the activity of the parent isotope of the decay chain In any natural sample (for example, uranium ore), all elements of a primordial decay series are present. Chemical and physical processes can separate the elements and interrupt the series. In the natural decay series, the separations often occur at radium and radon. The Rn may be too short to interrupt the decay series physically in a significant way). Therefore, any NORM assessment requires the evaluations of radium and radon progeny, and the following radionuclides are of concern in total activity classification: Pb. NORMs release energy in the form of alpha, beta and gamma emissions. These types of radiation are not perceptible to human senses, and instrumentation is required to detect and measure NORMs in the environment. Equipment must be selected based on major type of radiation to be measured, whether alpha, beta or gamma rays. Because of the penetrating power of gamma rays and the availability of highly sensitive gamma detectors, gamma ray monitoring is the primary screening tool for the detection of NORM contamination. However, depending on whether an NORM material is in the stage of secular equilibrium or not, numerical corrections may be required for gamma measurements. If NORM source materials are in radioactive equilibrium, a single gamma spectrum can adequately characterise a sample for classification purposes. Otherwise, concentrations of 238 U, 226 Ra, 228 Ra, 228 Th and 232 Th must then be calculated from their daughter activities. For practical reasons, clear guidance with practical examples should be given in NORM guidelines. Research is needed to identify these practical examples and provide meaningful guidance that will then make NORM guidelines more end-user-friendly.
NORM assessments vary from simple screening surveys to determine whether NORMs are present and above normal background levels, to detailed analyses for comparison against guideline values. More research is practically needed to identify screening criteria and establish screening levels that could be used by investigators to rapidly predict where and under what conditions higher than normal NORM activity levels would be encountered. This could be quite challenging because of the various physical forms of possible NORM sources, the large number of variables and changing conditions.
While very low concentrations of artificial radionuclides in the environment could cause surprisingly high public concern (such as concerns about the safety of consuming seafood harvested in the west coast of Canada after the Fukushima nuclear accident), NORM in the environment, sometime at harmful concentrations, is commonly ignored. The public often believes what is natural should be normal. Therefore, a welldesigned communication strategy needs to be developed for radiation protection of exposures to NORM.
To achieve practical value and for effective implementation, the NORM guidelines should be written in plain language and easily understandable for anyone facing NORM issues. At the same time, simple operational quantities and simple methods or screenings should be provided to assess the exposure situation and to determine whether it is necessary to undertake detailed radiochemical analysis.
